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Brothmaa and Assoclatea, 

Chemical and Mechanical Mn^lneers, 

— 57 Avenue^ 

Elnhurat, L.I« 

Attention: Mr. A* Brothznan^ Chief Engineer* 

Gentlemen: 

Ve have 7 oar request for literature on our Votator equlpanent 
and are pleased to enclose several circulars and pieces of 
literature describing the Votator principle of heat transfer 
and processing and IHiLstrating several models of Votator units 
designed for different applications* At the present time our 
general catalog is in the process of revision but will not be 
issued for several months* 

Ve are forwarding a copy of your letter to our Eastern Sales 
Manager, Mr# S. H# Welch, located at 150 Broadway, New York City# 
If, after reviewing the enclosed literature, you wish further 
particulars, pleas© contact Mr# Welch at the above address# 


JES/cla 

ends* 




Wherever liquid or viscous materials are processed, consider Votatort 


Th* VoUtor mnd Proc—sing eatbim OU* 


Thr Cirdler Corporation, manufacturera of tfae VO- 
TATOR, was the firtt to provide eqnipmeot for 
processing margarine eontinuouMiy. Uae of ibe VO- 
TATOR completely changed the entire wtetkod of 
manufacture of margarine, with the reauli that Cirdler 
is considered to have made the greatest singlg eontrihu- 
lion to this industry's production efficiency. In the 
production of shortening and lard, the VOTATOR is 
used for chilling and plastieixing, and has also made 
these operations continuous and much more effieieoi. 
Today 75% of the nation's shortening and margarine, 
and a large and fast-growing percenugr of iu lard, are 
VOTATOR-made- In each application, the VOTATOR 
begins with the prepared hoi oUs (and other ingredients, 
if any) and completes the manufacture of the product, 
delivering it to fillers or molding apparatus. 

In these edible oils applications, the VOTATOR has 
improved the quality, nnifonnity, texture and color of 
the producL Moisture condensation and contamination 
have been minimised. Keeping, creaming, mixing and 
cooking properties have all been improved, and a more 
efficient use has been made of everything needed in 
production— materials, refrigerant, manpower, floor 
space and power. 


VoiMtor mttd Prpewtng Pmtrotm 


Use of the VOTATOR by the petroleum industry has 
led to various production short-cuts and new standards 
of quality, efficiency and safely. The following appli- 
cations are typical and considerable information, includ- 
ing some pilot plant and plant data, is available: 

®»oass. A processing system for continuous production 
of lubricsting greases. 

Was. The VOTATOR is an efficient instrument for 
continuous crystalliution and filling of paraffin wax. 
HydrocarWfw. Very effective for low temperature cry- 
atallization of various hydrocarbons. 

Aikylatioo. A Special adaptation, called the VOTATOR 
Reactor, gives higher yield, higher oriane and greater 
3-C values in the production of aviation gasoline alkylate. 


By means of the VOTATOR, fee creom production was 
put on a conti^us basis. ChUling was accomplished 
in seconds, which made possible an improved texture of 
the ice cream and precisely eontroUed aeration. This 
application of the VOTATOR has led to numeroui 
others in the chilling of food products, and in all of 
these uses the above three advantages are of primary 
importance and outstanding as compared to other 
methods. The VOTATOR can also he used to cook 
food producu in liquid, viscous or suspended form. 
Rapid removal of film by surface aeraptog permits 
higher temperatures without danger of burning or 
scorching. In all food procesaiog. The VOTATOR’S 
closed operation, sanitary construction and easy deaii- 
ing are significant 

Other food applications inelnde: Pruit /usees and 
purees — quick chilling and crystalJiaation. 

^s— quick cbUling and pastenrixation. Siarth bate 
tolutiont. such as used in making salad dressings- 
eontinnous cooking and cooling 


yptMtor mod Proe—tla 


The VOTATOR is suitable for processing a wide variety 
of ehemicaU that are in liquid or viscous form, at least 
during , one sUge of manufaeture. The distinguishing 
feature of each of these appIicaUons is uniform, eontin- 
uout operation under controlled temperature ~ eondnu- 
out mixing, heating, cooling, emtsltifying, pUsticimg, 
etc. Of this broad group, the foUowing are only typical:' 
PHaUgraphlc am uH la n s — cooling and processing 
Taitlla arintlng gum — heating or cooling 
Laathar praparatlom — cooling 

^uitf rasint — cootinuoui procesting of reams . . . beat- 
ing and cooling in fluid stage. 

Watwpreoflni compminds — heating or cooling 
OalatiR ane gtaaa — heating or cooling 

tasttia eoatlii^ — uniform mixinf with teii> 
perature controL 

Was l^aducts — continuous cooling and cmultifytng. 
Craarn - Chilling and Plasliciaing 
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HEAT TRANSFER ; fx 
" " In the VOTATOR 


Jf. g. 


1 MI GOkDLEa COtfOtATlOM. |jOMBV«JA.Cr. 'v 


k'S' »ei »»fO y '»W*T 




:i Overall coeffidcnti of 500 to 1150 8.tu./0»our) (*W< *oo0 
<• F.) ere eetity obUiraWc on wetor*to-w«ter Keet Ir^cKinje using 
Ike Voutoc. High efltetion co«bitvcd with sasplng of the beet 
transfer w#tl produces thin fifeis end high hnkolenccr Tkc inJt h 
4ugk rslcs of kcJt irsnsfer even Aough Ike llneer vetodtr ikroogh Ike 
VoUtor k le« then 0.1 foot per second. This interr»i( design feeds 
Id smell liic CQuipn»ent wkkk. In turn, ellowi high fechet velocities 
with low pressure drops. Tkc DittuS'Bocltcr cquetion k used to 
entoiisic film ooefficierto on Ike l«iet side %vkerc tkc low Is bclicst. 
The coefficients thus obuined check tkc cxpcnmcnUl reuilB wWkin 
i0%. fll» oocHidentt on d>c VoUtor side ere found to inacesc 
less u^ht ebove • Wsde peripkcrsl velodty of 13 leef per 
second for wstcHike msterUls In tkc pwticulsr VoUtor design used, 
t..- ■ .-. ... ^ ■ . ••-•v • . ■) ■ 

T he VoUtor has ‘been iwed extenavelj fof pro««ii« 

garinc, abortnung, and Urd, becaune cryBlallisation, plastitt' 
tkm, emuldficatkm, and heal transfer may be brought about 
dmultaoeoualy. lU main aecocnplishinent fai peoceesing, so that 

^tUe sUras has been pot oo the high heat transfer efficiency «f tbe 
VoUtor. Tlui paper deals arith a wateMo-srater beat intorchange 

tost to whkh blade Telocity, Jackclr^ator Tetodty, and through- 
put rstes were studied in feUtion to the OTtr-alJ and film heat 
transfer coefficients. 

' A laboratory Votator, 8 inchos Id diameter and equipped with 
a 3.26>ioch diameter shaft and two stainless steel bladea, was d^ 
»i gTii»H tar UK srith both water and ammonia. For water i 
deeve insert cuts the height of the annular space to V« lock, and 
a baffle seal at one end prevents by 'passing the wat« flow through 
the ammonia section. Copper tubing ('/rsoch diameter) indde 



the sleeve faems a helical water path around the nW^ Votator 
tube. This method is apparently mtiattxAary sinoe the heat faak 
njtkcr-HuO., the quantity of beat flowing as measured from the 
Jacket and VoUtor «des-checked to leas than 2% for m«t ca» 

. The assembly of this unit is shown La Figure 1. !' f 

• The method consisted in pum{Mng hot water (175* F.) nt luxmt 
500 pounds per hour through the VoUtor and eooUng H. with a 
CDuntercurreot flow of eold water (fiO* F.) on the jacket. Speeds 
■ nf the muUtor (a shaft wHb blades) were 300, 400, 500, 700, 1000, 
and 1900 r.p.m. Jacket-water velocities of 4.7, 6.1, 6A, 7A, 0.8, 
12.9, lAl. and 25.9 feet per aecond were tried. Tbeas oonw 

- ipooded to preeauR drops through the jacket of OA, 1, 3, 8, A 
10, 20, and 40 pounds per square inch^ In two cases, 1900 and 
400 r.p.m., the throughput rate was changed from 500 to 340 and 
1800 pounds per hour, lespectivdy. In all cases calibrated thev" 
Bmmeters (OJl* F. subdivisions) were used, and the water imUi 
were determined with a stop watch and scak tank. Thirlj 

- pounds of Touted water and 86 pounds of jacket wattf wen 
sreighed. Check teadinisi were made to ensme that the equip- 
aoeat had come to equilibrium. * Tbe uuUtor speed was feet 

< aceursU since tbe speed indicator eoold nci be reliably read better 
' than m 10 r.p Jn. 

Three poinU dmuld be considered for aocurate analysis of the 
I lUU— etron due to (a) movement in stagnant layer of water eet- 
side the sUeve Insert, (5) any flow by-passing from one beSeal 
turn to tbe next, and (e) expansion and oontraction losses sten- 
trance and exit ol jacl^ This work neglecU theme errors since 



Gftd j 




821 


HEATIALANa 


HCLICAL WATER PATH 


The quAntity of beat flowing per hour WM 
ileiermixied by multiplyinc the ayeraice ipecifle 
beat hj the veight rate of water flow aad 
the temperature change of the water. Hus 
change in beat eontent of water flowing through 
the Votator and jacket were aepaiately ealeu- 
lated; ralues checked in moat cases to leas than 
2%. The oorrectson for average specific beat waa 
lound onneocesary witb the present aocuraey. 

Table I summariiea the data. Figure 2, 
eonstructed from the data of Table 1, ahowi 
bow the quantity of heat flowing, Q, aaiied 
with changes in mutator ipeed for aeveral 
jackeUwaler (/w) priodtiea. It illustrates that 
the 'amount of heat flowing through the 0.7 
square foot of oooling surface reached as hi^ as 
fi2,000 B.t.a. per hour, with 27,000 B.tn. ns 
about the average flow. Increased mutator 
qieed increased the heat flow eonsderably, but 
the tncrease at the higher mutatw speeds was 
much amaller, as shown by the folioaring data 
taken at a jackst'watei velocity of fi.2 feet per 
seoaod (hP > 5 pounds per square inch, 2900 
pounds per hour): 
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U going from 200 to 600 r.pjn., 2050 B.Lu. per boor non 
eould be removed; in going from 700 to 1000 r.pjsu, the inerean 
was ksi tKaw half M much, 1000 B.to. per hour. Obvkwi^ 
there diould be a odtactioo of ttw 
bi^>esi mutator speed wtddi ii 
eoDsistant with power load, tabs, 
blade, and beaming wear. 

Black dots in Figure 2 indioate 
the few cases where the heat h a tan ea 
did not ebeck eloaely. For this 
reason the values obtahied (roai tha 
TOtated water aide were used whoa 
the data were more reliable, uee 
low rates and large temperature 
differeocea eocisted. By this pro- 
eedure the curves became ecmiBSteait 
with one another throu^ioat aS this 
wort Other pointa on the graph 
are an average of the data ob- 
tained from the jacket and Votator 
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1900 EawlvtioM par Mtaata 


The bottom curve at a jaekeA- 
water velocity of 6 feet per nooud 
b smooth, but aD other eunrei ahow 
a 6harp break at 600 r.pjn. Alio, 
the area test increase in beat transfer 
for jacket-water velodtiea, 9 isel 
per second and above, oocurred b 
going from 600 to 700 r.pjn.; at 6 
feet per recond the sharpest iocreasr 
occurred at 300 to 500 r 4 > jn. Tha 
facts are explained later where ft 
Is more clearly shown that full tur- 
bulence apparently does not ooruT 
until a jacket-water velocity of 7A 
fret per second is obtained. 
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ovai.AU. cocmacMn 


nt«r« t. E>*c< of BUdc Sp«*d on Hnnt Trcmlci for Sovcrcl 
Jockct CondHtom 


Tbe dnU »t 1900 r.p.m. do not bH on the 36, 18. and 18 foot 
pcf »»<ond liocB. The correrl vcloritien for tbenr are 24, 17, 
and 11.6 feet per woond; con«eqwjjtl.v, ejrtrapoUted rahjn are 
ioHudod in Figure 2 to nuke the picture complete. 

BinpUfy ealculatione on the jacket aide, an o»er-oll awajee 
«aa made of the average jacket temperraturvi obtaioed at vanoua 
pnenuie drops. "Ihe inlet and outlet jackrt-^atcr tempera turns 
•ere averaged for each Votator condition. Since tbeae aver* 
tins were quite clone for different oooditioaa on the Votator aide, 
they were again averaged (Table II) in order to calculate the phy* 
ileal properticA of the jacket water as given in Table III. 

A plot of variation In transfer of l*eat with changes ia/w veloci. 
tiei for the aeveral mutator speeds showed that, up to 9 foci pw 
iecood, the beat transfer increased linearly with iacrcamd veloc- 
K)*; alwi’e this value the increase tapered off. At a mutator 
ipKd of 700 r.pjn., 8700 more B.tu. per hour were trand’errud m 
going from a jv> velocity of S to 8 feet per second ; in going (ram 
30 to 33 feet per aerond, the increase was only 2100 B.i.u. per 
h«ar. Even the latter amount is oonriderahle. ao it b advisable 
to use the highost pt velocity possihle aod ooounmical with the 
•alrr pressure andlable. 

Taldc in indicate that at 800-1000 r.p.KL. a vriocity of 3S 
fret per second required 8000 pounds of water Bow ptf bwaad 
a prrwuie drop of 40 pounds per sqinam ioch. Utdeea the water 
b to be used later at low prewure for further prooemuig. them 
o^itiooBueimprartical without a booster pump. Values above 
8 fed per aeoo^ should be used in all poesible mstaHatMOS 
the amount of traoderred beat inoeaaes at iU mazimnm 
■ato up to this point. 


The over-aB ooefheients were calculated from Uw average <iaao. 
lity of beat fiowmi;.Q, by the following equation: . .. ■ 


The amount of beat being Uansfem'd per hour, Q.'ts proportimial 
to tbe cooling surface area, and the driving force, LMTD, “ 

Cooling area A, was 0.7 square foot of senped surface for our 
unit. This Sgure was based on tite assumption that the flanged 
beads of the jacket (Figure 1} were only b^f effertri e for cooling 
and that the cxmling qiare occupied by the bclical baffle was oeg. 
hgible. Certainly the cooUng area will not be mpprertably larser 
than this, and if the baffle does effectively oucupy space, the enl- 
cuUted over.^ ooeSdent, (/, is on the oomorvative sde. TV 
overeat) ooefheienta were ralculated on tbe basts of effertivo 
scraped surface. 

E>txct or M uTATcn Sraan. The effect of mutator speed in 
the range 300-1900 r.pjn. on ovcr.sI] ooefficseot V is idmwn in 
Figura 8. In eontrmst to tbe beat quantity c urv es (Figiite f), 
these curves am smooth aod do not show the proDOonoed break si 
500 r.p.m. Here, as prerioosly discussed, the points at 1900 r.pLin. 
are extrapolated values. Tbe larfgest V obtained was abosxt 1140 
B.t.u./(bour)(square fooi)(* P.). and the avenge eras rhjse to 
800. The most rapid change in V occ u rre d at tbe lower ape eda . 

The increase in U dowed down after 600 r.pju. It euaU ob- 
viously be poor efhdeocr to operate below 000 r^L.^. far thin 
liquids, aod as discussed tn the seetjoe eo Ueat B s lan ce , it ie 
advisable to use the highest mutator ^wed eouasteot with wear 
aod power. Tbe peripheraJ speed at 600 eras 7Ji loot per 
aeoood. As a result d the high over-aB raefikaeot V obtained by 
scraping, the sisr of equipencot is wnaB. aod bi^ jai'li.l water 
welocitioB and film eoefhrieats ran be obtained with ■nail praam 
dropa. 
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EfTBCT OF CHAJtOn IN CoMDlTIOIt* OF VOTATOE SlDB. Th* 
t&te of TOUlod wEter wis TEiied b two ceem. At 1900 rpjii. 
Eboot 5S0 End 840 pound* per hour were tried at three jEchei- 
wEto- T^odtiM (Ficure 4). At 400 r.pjn., rmtee of l800 and 600 
pound* were need. The data are lives in IVble I. Figure 4 
dbows the difference in over-alJ ooefficieot obtained. In addition 
to a in throughput rate, the log mean temperature diffeg* 

once varied. The following daU for 3^ pound* per hour were 
on the heat change of the voteted water, Q%, «noe the heat 
change of the Jacket water, Q,. wa* inconsisteDt and erratic: 


Umb ' MaUUr 

Rate, A* Bp u d. 

LMTD .tb./Ux. T»p..*». tLPM. 
«a t <70 to loto 


. Q 0 

40,000 toil 

aotoo tot 


film, (2) metal, and (8) Jacket-water film. Tbe heat eqwtion b 
then _ ' . . . ^ ^ 

Q^KAAU-i^)' ' V ' • , (lAJ 

C - lUiAU, - Lf) t , *v . (*B) 
' 0 - ktAAlmi - td 

Proportionality oonitEnte k* and apply to Votator wat«»; 
metal, and Jacket-water film, reepectively; apply 

to temperature of rotated water, metal aurfaoe on VoUtor ride. 
JackeUwater, and metal euHaoe on Jacket ride, reepectively. The 
area eUya oonetant This b an arbitrary aseumption because V 
b baaed on the VoUior ride; thb means only that the k valuea. 
even though applying to different filma, are baaed on the area of 
the inride Bcraped aurfaoe. To convert to tbe outride area— e.|L. 

Then 


From Equation 3. . . . 

- AU. 
^"11 . > ■ 
t + c + Jt; .<4) 


I; - c + r. s; . (8) 


Since tbe Jacket-water temperature and velocity were about 
aqoal, the film eoeffioent would be about tbe aame in tbe two 
caaea. Conaequenily, the change had to do with a difference in 
phenomena on tbe VoUtor ride. The log mean temperature dif- 
ference decreased about 20%. The beat load dropped abmit 
86%, and the over-all coefficient was lowered about 90%. The 
log temperature differeooe i* the main oontributuig (aetor, 
as would be expected. 

irjmi coemonm • 

Film eodEaenU on the VoUtor ride and Jacket ride were eri- 
eulated. It U weU known that the heat transfer is mainly de- 
pendent on the caU at which tbe beat can be transferred acroaa 
the stagnant filma which lie close to the metal. Although only a 
few thouaandths of an inch thick, them film* act as insulators and 
retard tbe flow of beat. 

Tbe btot Q which b transferred per unit time from the VoUtor 
to the Jacket must flow thfougfa each rerisUnoe (1) Votator water 
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Tlie J»ekBt>w«tflr filzn eoefficieat is oslcuUted froa » 
Apptyiox tills metiiod of cftlculstioo, tiie fonowiuf results s 


Vslodts *“!?■&***” 

fS& •ly- 


fl|** ^ Rsdpfpes? Plot indsdinf Tcmpsrstsrt for FUai 
CosBidctil CsicinsttoM 


IW ooefficienl for mets.1 equsJs tiie tiiermA] oooductiyitjr di* 
by tilt ibiekoen of metal, 


•00-1000 Rjr.ll. — 

At./. 

•W. kt, kti 

•s.t 4110 4400 

•4.4 SlOO SS40 

47. • S3M tSSO 

•B.t 1830 1073 

f«.4 isao 1400 


^tiow a Tclodiy of 7A feet per second the eurre is oo loD^sr 
straight, end this method no longer applies. The black dots of 
Figure 5 do fall on the straight line so that the prerkius ttss Of 
these vahies was iustlfied. Since Equation 8 bolds only b tiia 
turbulent refdoo, it must be concluded that complete turbulence 
starts around 7.5 feet per aecond b the iaeket of this Votator. 
From this work there appears to be a transitioa range b turbh 
fence since Reynolds numbers were high (16.000) even when the 
Jacket water velodly was 4.7 feet per second. 

Sboe the temperature of the jacket water was different for the 
Tabes at IBOO r.pjn. as compared to those at 300-1000. 1/Cf was 
plotted against \/TV^ b order to find out if the values at 1900 
r.p.m. would fall bto Ibe (Figure 6). The 1900 r.p.m. pobts fall 
on a straight line parallel to tbe others. Therefore we are just^ 
find b correclbg the value of for temperature differences. The 
slope is 0.221. Tbe film eoeffieienU thus calculated were and 
b all later work: 

— -100-1000 BJ».U. . ■ 1900 a.P.tl.— — • 


•nd may be replaced b Equation 5. 

JscuT-WaTXB ConmcuNT fe. EmpiricaUjr h has been 
Aowft (I. f . S) that b flow of water through pipes the ooeffi* 
ifeel varies u the 0.8 power of velocity. Inside the Votator there 
•Is ooediti^ which differ considerably from flow through e pipe, 
felt ia the jacket tbeae conditions are fairly repreeentative. This 
•rthod wn tried to calculate tbe jacket water film coefficients. 

Ilaiataining a constant mutator speed should keep the Votator 
■ha ooefficieDt, approximately constant, and 1/fe should vary 
•Jtt l/V (Equation 5); siooe it was shown that fe varies srith 
e plot of l/U against I/F*-* should give a straight line foe 
U} giTCB BuUtor ^eed. Substituting b Equation 5, 


p-^. + (t + ^) 


l/F»-» is given b Figure 6. A straight 
^^muh to that the assumption of constant k, » justified. 
^ the Ibes are parallel The 

^ • a003(a and the jacket-water film coefficients kf U. there- 
•fc. nsily calculated. 

, *?*’'*' *Wf4«oce b tbe jacket water used at 1900 

^ 300-1000 r.p.m. This aocouats b 

^ 

« 0 pe had been obtained, it would have been concluded 
did not affect tbe jacket-water film coefficient, 
tW ^ .^****‘ *• 0 00377. 

•otwrept# of these Imce from Figure 5 are : 

IslWTipt’ Istmpi 

C ^S&xio^ • SSS o.mxio-* ., 


CompariaoD of this table with the one above abows that k, (800- 
1000 r.pjm.) decreaaed about 10% when tiie temperature oorrer> 
tkm waa applied. 

VoTATTO Watcb CoEfnciKNT fe. The film eoefficieot oe the 
scraped surface may be calculated by substituting b Equation 5 
or 7. Equation 7 gives tbe following reeulU: 


MaUtor PwipaOT*! 

BpMd SpMd. 

ILP.M. ru/8«. FI*. 8 
800 8.93 1090 

•00 9.44 1490 


m tar 8er*pad 9arf»^ 

Fisri RTe 

1090 1110) 

1490 1840l 



V01A10M see ra. cocrrccNT a, ^ 

Ffeert 7. NtUtioe between Btedt Speed and Rlw ‘ 
Coefficient 
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Ttie rcstiha fa«n Fimire 6 une pAotlcd is Figutv 7. The letter 
^kowt Uut the rdetioD between film coefficient end niitetor 
^wed may be erprewed by e line on aetm\og paper w^ 

^kel eendition* are appcozimatdy the *Mnc. The equation is: 

toK (r.pJB.) “ «*fc» + log (iotompt) (•) 

7, ,-v.. . - ,000 

TW 1900 r.pjn. point fall* to the right of the line; ibis may be 
to the fact that the mean lempcrntme of the votated water 
<W7’ F.) wa« lower than that for the 300-1000 r4>*. poiaU 
(145* F.). Apparently, when thin liquids are <»xl, a lonver m en a 
^nperature inside the Votator leads to a higbor film eocfficiooi. 
This B unexpected, rinoc. m general, with other beat traorfer 
equipment the film ooeffioent inocaaes with higher Ucnperatuies. 
Tbc reason may be that the scraping force of the blade n more el- 
(ertivc as thr visooeity incroasea. The moat elfoctive eqnati« 
Sor A. M to expre« it as a function of the properties of the tn at m al 

prorewed; future work will aUempl to set up such an equation. 

ConrAEiaou or A. snd A^. U » interesting to see bo w ka^ 
A, vary for a given linear vdocity. la the case of A. the velocity 
■ assumed to be that pi the tip of the blade. Figure B la > 
plot of A. and A« ugainat velocity. The pointa on the A. cwve 
above 1000 r4>*. are obtained from the eixtrapolated ewvc «l 
^gure 7, . . ’ 

Figure 9 was ooostmeted from Figure Shy reading A. and fi# »t 

the tame alnrimn. The equation of this Kne la: [ 

kg A, - ndl. -f kg fi ‘ ' <*0) 

. i m - OJSe/lOOO; A - W ; 

Thus when A, M known, A. ean be ealodated from Equation 10 
and vice verm. The dfecl of change* in operating oondiUma on 

this curve is not known. Equation 10 at ^ appears » have 
. oo immediate application, ainoe to detinnme At would, in un- 
cial give the experimental means lor obtaining A^ Howew, 
the ’following eection Aowi that the Ditlus-Boeher equation 
can U used to ebUm k ud thus obtain k on the bans Chat 

Eqmtion 10 bokt for other operating eondf tiona \ ^,kc>V - 
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FtgwvO. leUtioa of ran CodBclcwh doH^ VotiOiia = 

> • » j '• V*.* 

4, BT DrrpovBoBtT*B Eooatiob. Dittos Md Boeitir ft) 
were able to show that, tat a wide variety of materials (c^aB 
and water) flowing in tinbulcnl motion, the llm coefficieBt a# 
heat Uansfer could be represented by U»e empiTv^ equ^kn, " V 
’ . AB/A - 0.0226(Ec)^ J 

where I) tithe diameter of the pipe; b the enae of the VoUlm 
jarkrt it ia the equivalent diameter of the rectangular 
The following table summariaes the (Cfferent water wrioeitim 
to the Votator jacket and compares them to the vataea al 
k obtained from Figures 6 and 0: jv, , 


* P(na») 
i Wie l: 


The irsaha ^ in good agreeowait. A lairiy noeurate eatimation 
Si tberrfore available of A, and of A, from Equation 10; or if t^ 
over-all coeffirient has been determined. A, can be more aemanlely 
obUined from Equatioo 6. Atio tbe calculated A, Calls doarete ^ 

k, obtained from Figure 5 than from l^gure A Thisla,howerer, 
no eritcrion of.aelection tinoe d, is not knon with 

necuracy, and A^ could easily vary by 10%. ■* ’ 

DirruRNT VoTATDio Oonornowa. TThe daU grapked m' 
Figure 4 far two throughput imtes fMO and 580 pounds |wl«) 
al 1900 *»® 1* treated shnilarly by the mcAbods osrth ee d.’ 

These data nto 
plotted m Figure , 

for 1/17 ngalntt 
X/TV**. Here/ nt 
iveviously, Ihei fines j 
are not parallel when ^ 

l/CTm plotted against ' ‘ i * 
l/F« oinee theVf.V ' 

. Jacket water A«»- , . 

peratures were (fiffer- 
oot. Tbc method of 
dividing by tempera- ^ 
tnre AgAip shows Us 
morH rince the Bope j .. 
for the two into^ 
oven though of ,, . 

cnljai^etwatertem- 'n» . • 
poraturea, becamt ...t 
the. name. From ,;; -..iT ^ 

Borraeted film fadsd^ewpemtMw 

eoeffioionli m« m * afCWsreat Votstfaf CowOtkMi 
Mlowt* ■ / dm W« CerfBcisal Cskbstioo 
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gyno though the OTerege temperature inaide tJ»e Votetor i> 
eDoadembly different, thia alone dooa not aeem to ca7>lain the 
change tn h. wHh change in imte. Turthw work ie 
^gfeaeary to clanf j this poanL 


I A good average over-all coefficient ia about 800 B.t.n./ 

(hour) (aquare foot) CF.). The eoefficieot variea a* follows: 


1 A jacket-water volocjty of 7-10 feet per second 

«d , minimum muUtor speed of 600 r.p Jn. (7A feet per second) 
ritould be used for efficient operatioiui on waterlikc matoiak. 
Taluea greater than these are beneficial and should be usedtf 
other faclora such aa power load, jacket-water premire d^, 
blade and tube wear, do not make the operation unooonomicaL 
I The film coefficient on the jacket side varies about as lol- 


VaiMit/ of fm. PiTAml 
T.S 


kf. h.T,V./(Bt.}(»a. FV)r F.) 

uoo 

4100 


6. The Dittua-Bocher equation can be « 0 d to oslenlato 
the film coefficient on the Votetor jacket, even though tta path 
is bf*^**^^ The results check eaq)erim e Dte l values within 10%. 
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4. The film coefficient in the routed water ride varied about 
wfoUowt: 


A. * eooiine surface area. eo. ft. ^ 

tm eqt^viucnt d**-"**t^ o* jacket based ea rectangular 
ceetioD 

<7 — mass velocity, Ib./sq. ft./eec. /ru \ 

A » film eoefficient of heat transfer. B.t.u./(hr.)(sq.-fl.) 

(• F.) 

4 f 4 - jacket^water film eoefficient based on inride area ea 

beat transfer waU .a 

• jacket-water film eoefficient based on outrioa aree 0l 

beat transfer wsU « . . 

A« — metal wall ea pre es ed aa film eoefficient 

^UTn L log mean ionperature diflereoee, * F. 

{ • thickness of metal 

Mutator - shaft with scraper blades 

A/* • pre«ure drop through water iseknt, lb./aq. la. 

Pr - Praodtl number - CfM/k . . 

Q* _ beat transferred, based on heat ronovea irore 
Totated water, B.t.a./hr. 
gf M Reynolds number * DO/u 

• o^r^STeo^cimt based ob Q*, B.t.tL/(br.)(sq.4L) 

(• F.) 

F — vriocity, fL/see. 

* 8as lootoote Table X. 

UTEXATUU OIID 

(1) Dittua. F. W« Boelter. U M. M. Um». OAif. IS*. As#. A 441 

a) M^iSSL. W. H., Sherwood. T. K-. «sd Ter^f . E. U TV— 
^ Am. floe :/-**. Asor... 4A 1283 

(1) WUsoo. L. E. tbid^ rt. 47 (lOlfti. 
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what viscous material can you 
process more profitably? 


4 LMOST invariably the processing of viscous ma- 
/V teriab involves heating or cooling. Votator 
equipment provides a continuous, closed system em- 
bodying the cleanest , safest , most efficient heat trMJS- 
for operation for this purpose. Does a dependable, 
more uniform job in generally less than half the 
floor space required by batch 
methods. Makes possible corre- 
sponding savings in labor, heat or 
refrigeration, and overall operat- 
ing expense for a great cross-aec- 
tion of industry. 


The above were picked at random from ^re 
than a dozen tried and proved Votator applications. 
There is also a long list of potential Votator appli- 
cations which may include your products— Ae 
processing of viscous materials covers such a wide 
range of industrial territory. 

If you process anything in vis- 
cous form which requires heating, 
cooling or both heating and cool- 
ing, chances are Votator equip- 
ment can cut your costs, increase 
your profits. 
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VOTATOR Systems have this heat transfer mechanism 
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V OTATOR equipment is set* 
ting new recx>rds for efficiency 
in the processing of liquid and 
viscous products which require 
heating, cooling or both heating 
and cooling. 

This exclusive, patented heat 
transfer mechanism is one of the 
reasons why. 

It is the most effective appli- 
cation known of the basic theory 
that a clean heat transfer surface 
together with a high ratio of 
heat transfer surface to volume of 


material being treated, does the 
best heat transfer job. 

TTie materia] is forced into a 
narrow, annular passage, there 
contacts the heat transfer surface 
as a thin film. Revolving scrap- 
er blades constantly expose a 
clean sxurface to the material. 

The material is heated or cooled, 
as the case may be, almost in- 
stantly. This takes place under 
pressure, non-stop, and a remark- 
able volume is handled in relation 
to the sire of the equipment. 
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1. Product Connocftont. 

2. Annulor »p«ca thru which 
product pauot. 

3. H««t Transfer Medium 
Connections^ 


4. Annuier ^ce thru which 
heat transfer medium passes. 

5. Heat Transfer Tube. 

6 . Mutator Shaft. 

7. Scraper Blades. ‘ 

$. Insulation. - 


How the Volalor Unit Operates 

The material being processed is pumped in connection (I) thru 
annular space (2) and out connection (I) at opposite end, depend- 
ing upon direction of flow desired. The heating or cooling medium 
enters at connection P), passes thru annular space (4) and out con- 
nection p). the actual piping arrangement to be determined by the 
type of heating or cooling medium used and the direction of flow 
required. The mutator shaft (6) carrying scraper blades p) is motor 
driven, causing blades to scrape film from surfaco of heat transfer 
tube (5) several hundred times per minute. 
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CTHTBTT <W-l.-)07-13-13 (12) (Exhibit Qj . 


On (>IZ2l9it GOLD ii4ri*«l that thoae card* art laboratoiy Mto# »f SIU 
BOHOLL. an anploye# of ABBAHAH BBOIHUAB, in eonnaeUon nlth work on ^ 
nathacrylata noUlng powlar procnaa on lAiieh EBOIBUAH waa worklilg* 
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EPgBIT 6$-U307->lB-13 (X3) (Exhibit 2U) 


On 6/2^50, OOIJ) sUted that the name JAMES A. DE7LIK m that of an aaslat- 
ant In the Xaboratozy at St. Josephus College* GOLD atated that he vaa a ' ' 
day achool atadent and vaa Father MAUDT'a aas ieta nt and vorked in the 
laboratory at night. GOLD atated that he met DE7LIM at the Fr anVlln In- .. 
atitute and apparently IEVI21I had mrittan hia name and addreaa on the bade ’ / ' 
of a Franklin Inatltut# call allp. 
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